When mechanisms such as starvation and bilateral nephrectomy, which are followed by a depression of erythropoiesis in the adult guineapig, are applied to the newborn guinea-pig, the same effect on erythropoiesis can be observed as in the adult.
The effect of starvation on the neonatal erythropoiesis in the guinea-pig appears to be of the same extent as that seen in the adult from the first day of life (Fig 2) .
The effect of bilateral. nephrectomy in the newborn guinea-pig starts early after birth, rapidly and progressively reaching the degree of depression of erythropoiesis seen in the adult nephrectomized guinea-pig (Fig 3) .
The data observations in the rat suggest that neonatal erythropoiesis is governed to a significant degree by factors other than those affecting red cell production in the adult. After birth the PER temporal correlation between the change in response to various perturbations and the disappearance of the primitive syncytial cell suggest that the latter may serve as a fcetal stem cell and as growth proceeds it is replaced by a more differentiated cell subject to adult regulatory mechanisms. The data observations in the guineapig suggest that the erythropoietic adaptation to adult type regulatory mechanisms may correspond, in an animal with longer intrauterine life than the rat, to a hemopoietic event happening earlier during f(etal life. In recent years much has been learned about the structure and genetic control of human himoglobin (Baglioni 1963 , Weatherall 1965 . However, less is known about the factors which modify the rate of hemoglobin synthesis and which determine the appearance of the various types of heemoglobin during development. As a basis for a consideration of some of these control mechanisms, the genetic control and structure of human hemoglobin must be briefly summarized.
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The Structure ofHuman Hwemoglobin and its Genetic Determination The protein part of human hemoglobin consists of two pairs of polypeptide chains. Haemoglobin A, which makes up about 97 % of the total normal adult hemoglobin, has two pairs of a-chains and two pairs of P-chains (a2 P.). Hamoglobin A2, the normal minor adult component, has a pair of a-chains and a pair of 8-chains (a2 8.).
Since both hwmoglobins A and A, share achains it is assumed that hwmoglobin A. synthesis occurs at about 1/40 of that of hwmoglobin A because 8-chains are synthesized at about 1/40 of the rate of P-chains. In intrauterine life the main hwmoglobin component is hwmo-globin F. Hemoglobin F also has a-chains, in this case paired with a pair of structurally distinct chains, called gamma-chains (a2 ys). Before the tenth week of development there is probably a primitive embryonic himoglobin, again having a-chains, in this case paired with a pair of £-chains.
The human hemoglobin types are summarized in Table 1 . There is now good evidence that the structure of the a-f3-and 8-chains is controlled by separate pairs of alleles. This scheme for the genetic control of human hamoglobin synthesis is summarized in Table 2. In intrauterine life a-chains combine with y-chains to form hiemoglobin F. In the neonatal period y-chain synthesis ceases and Pand 8-chain synthesis is fully activated, a-chains now combining with ,-chains to form heemoglobin A and with 8-chains to form hemoglobin A2.
The genetic information which determines the sequence of amino acids in these peptide chains is stored in the DNA of the gene by virtue of the sequence of base pairs. This information is transferred to the cell cytoplasm by means of messenger RNA. The peptide chains are synthesized on groups of ribosomes (polysomes), which move across the messenger RNA like a string of beads. Amino acids are transported to the messenger-ribosomal complex attached to a specific type of RNA called transfer RNA, each amino acid having one or more specific types of transfer RNA. The amino acids are placed in position in the growing peptide chains when the transfer RNA finds the correct site on the messenger RNA. The peptide chains grow in length starting from the N-terminal end and are completed at the C-terminal end. Upon release from the ribosomes they combine with other chains, ham is inserted and the molecule completed.
The exact details of these final assembly steps remain to be worked out.
Control Mechanisms Required for Hemoglobin Synthesis
The important steps in hemoglobin synthesis for which contrlol mechanisms are required are summarized in Table 3 . Quite clearly a mechanism must exist which ensures the initiation of adult hemoglobin synthesis in the neonatal period and the 'switching off' of both £-and y-chain synthesis during development. 8-chain synthesis must be fixed at about a fortieth of that of P-chain synthesis, and a-chain synthesis synchronized with ,-chain production. Hem synthesis must be co-ordinated with globin synthesis and a mechanism must exist whereby both him and globin synthesis are 'turned off' when complete. Possible Levels ofthe Control Mechanisms for Hwmoglobin Synthesis The synthetic levels that could theoretically be involved in the control of hmmoglobin synthesis are summarized in Table 4 . Quite clearly the rate of globin chain production could be modified by the rate of messenger RNA production for that particular chain. The rate of chain production will also be modified by the speed with which the constituent amino acids are assembled and bound in peptide linkage on the messenger RNAribosomal complex. In this context the availability of any particular transfer RNA for any given amino acid will also be rate-limiting. The affinity of globin chains for each other and the relative survival rates of individual types of hemoglobin within the red cell will also modify the final level of any particular hemoglobin component. Finally, there may well be environmental factors such as the availability of various precursor substances which will modify the levels of different hemoglobin fractions. Examples of such control mechanisms in human red cell precursors will now be considered. Table 3 Steps in hazmoglobin synthesis for which 'control' mechanisms are required (1) 'Turning off'at £-and v-loci and 'turning on' of 13andloci during development
(2) Synchronization of a-chain synthesis with (-and 8-chain synthesis (3) Fixation of 8-chain synthesis at 1/40 of the rate of (3chain synthesis (4) 'Turning off'ofheem and globin synthesis when complete (5) Synchronization of htm and globin synthesis So far it has been impossible to isolate messenger RNA from mammalian cells and until this has been achieved any models which would depend on control at the level of the gene must be purely speculative.
One condition which has been suggested to result from a defect in control at genic level is hereditary persistence of foetal hemoglobin (Conley et al. 1963 ). The switch from fcetal to adult hemoglobin synthesis which occurs at the normal neonatal period is a switch from y to P-and 5-chain synthesis. The factors which control this switch are completely unknown. It occurs at about the same stage in development in all normal infants and is not modified by birthweight, intrauterine anoxia, congenital heart disease or any other known factors.
In the negro population there is a defect in this normal switch mechanism which occurs in about one in every thousand infants. This disorder, called hereditary persistence of feetal himoglobin, is inherited in a simple Mendelian manner. In the heterozygous state about 25% of foetal hemoglobin is synthesized in adult life and there are no associated hematological abnormalities. There is a slight reduction in the level of hwmoglobin A,.
In the homozygous state, the hemoglobin pattern consists of 100% hbmoglobin F, no hemoglobin A or A2 being synthesized. Again, there are no marked hmmatological abnormalities. This genetic abnormality behaves as though an allele or closely linked to the ,-chain structural locus. This condition is characterized, therefore, by an inherited inability to synthesize both Pand B-chains, the genetic determinant being very closely linked to the ,-chain locus. There is very good evidence that the ,B-and 8loci are linked closely on the same chromosome. Since the gene for hereditary perpersistence of feetal hemoglobin is closely related to ,-chain locus it has been suggested the Pand 8-loci lie in one co-ordinated unit of genetic expression, or operon. Hereditary persistence of foetal hemoglobin could, therefore, be due to a genetic abnormality at a closely linked gene controlling these loci, the 'operator' gene of microbial genetics. This defect would then be of the 'operator-negative' type as described by Jacob & Monod (1961) in microbial systems.
There is no evidence whatever in support of this hypothesis except the close relationship of the three genes on the same chromosome. It is equally possible that the condition results from a deletion of that portion of the hemoglobin gene which contains the Pand 8-loci. At the moment, therefore, there is no real evidence of genic control of the switch from feetal to adult hemoglobin syn-thesis although it seems likely that this fundamental step in differentiation is, at least in part, controlled at this level.
Control of Hamoglobin Synthesis at Cytoplasmic Level
There are several pieces of evidence which would suggest that control of the rate of hemoglobin production is modified at cytoplasmic level. Three examples of possible cytoplasmic control and its breakdown in disease states will be considered in the following sections. The relationship between hamm andglobin synthesis:
There is now very good evidence that hem can control its rate of synthesis by a negative feedback mechanism. The synthetic pathways for hem production are summarized in Fig 1. Hem is synthesized through a series of enzymically controlled steps starting with the condensation of 'active' succinate with glycine, and going through 8-amino lkvulinic acid, porphobilinogen and finally haem. It has been shown in microbial systems that hbm can inhibit the early steps in this pathway by depressing the enzymic step during which 'active' succinate and glycine are converted into 8-amino lkvulinic acid. Thus by means of a negative feed-back mechanism an accumulation of ham can inhibit its synthetic pathway.
Furthermore, London et al. (1964) have shown that the addition of ham to the cell-free reticulocyte system will increase the rate of incorporation of radioactive amino acids into globin chains. This suggests that hiem can stimulate globin synthesis. There is also evidence, although less convincing, that globin can stimulate hem synthesis. It is not quite clear how hmem can stimulate globin production but it has been shown, in in vitro experiments, that the addition of haem to an a, globin subunit will rapidly result in the production of a stable tetramer of normal hemoglobin Winterhalter & Huehns 1963) . Perhaps the 'stimulating' effect of hem on globin synthesis is mediated through this stabilizing effect.
The relative rates ofhcemoglobin A andA2 synthesis: One of the major problems in hemoglobin control is that of the factors which, in health, maintain the level of hemoglobin A2 at about 3 % of that of hemoglobin A. Two possible mechanisms could explain this phenomenon. Either 1/40 of 5-chain messenger is produced as compared with ,-chain messenger, or similar amounts of P-and 8-chain messenger are produced, but the 8-chains are assembled on the messenger-ribosomal complex at a slower rate. Clearly this is a critical problem in protein synthetic control. When reticulocyte-rich mixtures of red cells are incubated with radioactive amino acids or iron, the specific activities of hmmoglobins A and A2 do not increase together (Rieder & Weatherall 1965 ). Thus, after periods of incubation of more than twenty minutes the specific activity of himoglobin A always exceeds that of hemoglobin A2 (Fig 2) . This suggests that the synthetic mechanism for hmmoglobin A2 synthesis is less stable than that for hemoglobin A. If similar experiments are performed with bone marrow preparations, the specific activities of hemoglobins A and A2 are similar, suggesting that the synthetic mechanisms for hemoglobins A and A2 are equally active in bone marrow. The main difference between marrow and reticulocyte synthesis is that, in marrow, RNA synthesis is active whereas in reticulocytes there is no further production of RNA. Thus, protein synthesis in reticulocytes must rely on a fixed messenger RNA-ribosomal complex. It seems likely, therefore, that the 8-messenger RNA-ribosomal complex is less stable than the ,-messenger RNA-ribosomal complex.
It has been shown recently that there is a delay in assembly of the 5-chain as compared with the P-chain (Winslow & Ingram 1966 , Weatherall et al. 1965 Weatherall (1965) 8-chain synthesis is mediated mainly at the level of the ribosomal assembly ofthe 8-chains although final confirmation of this observation is required. Whether this reduced rate of assembly results in a less stable messenger RNA-ribosomal complex is uncertain though the data presented would support such a hypothesis. The release ofpeptide chains from the ribosomes in normal and thalassemic cells; abnormal hamoglobin synthesis: If reticulocytes are incubated for thirty minutes with 14C leucine, the hemoglobin purified and the a-and P-chains separated, their specific activities are very similar. At much shorter periods of incubation however, the specific activity of the P-chain always exceeds that of the a-chain in normal individuals (Weatherall et al. 1965 ). This suggests that there is a small pool of pre-formed a-chain in the red cell ready to combine with newly made ,-chain. If, in a similar experiment, the ribosomes are spun down, unlabelled carrier globin added to the ribosome pellet and the chains separated, there is always greater radioactivity under the a-chain peak on the ribosomes than under the P-chain peak (Baglioni & Colombo 1964 , Weatherall et al. 1965 . These findings suggest that normally ,-chains are required to remove a-chains from the ribosomes. This, however, is not the case in certain pathological states. If cells from patients with P-thalassgemia are incubated in the same way and the total radioactivity incorporated into the a-, ,-and y-chains is measured, it is found that there is more radioactivity under the a-chain peak than under the combined ,-and y-chain peaks (Weatherall et al. 1965) (Fig 3) . This suggests that there is an excess ofa-chain released into the red cell in ,-thalassgmia. Quite recently, Huehns & Modell (personal communication 1967) and Clegg & Weatherall (unpublished data 1967) have isolated these free a-chains from the cells of individuals with P-thalassemia. It is likely that such chains are rapidly precipitated to form the inclusion bodies which were described in this condition by Fessas (1963) . Thus, in normal hemoglobin synthesis a-chains require ,-chains for their release from the ribosome. However, in P-thalassemia, because of the defect in ,-chain synthesis, a-chains are released into the red cell and precipitated to form inclusion bodies.
The control mechanisms for hemoglobin synthesis are obviously grossly altered in P-thalasswmia. A defect in the early steps of hem synthesis has been described (Bannerman 1961 ) and this probably results from the excess of hem causing a 'feed-back' inhibition of the early steps of hem synthesis. Some of this excess hem will probably combine with the large excess of a-chain and be precipitated within the red cell. Probably such precipitated material is removed from the red cells in the spleen, a mechanism which may contribute to the h8molytic element, which is found in ,B-thaJasseemia. Thus in this disorder there are a series of secondary abnormalities of the cytoplasmic control of hmmoglobin production, based on a primary defect in globin chain synthesis.
Summary
Much is now known about the structure and genetic control of human heemoglobin. This gystem is controlled at both genic and cytoplasmic levels. As yet, there is no good evidence for genic control of human haemoglobin production although such mechanisms must exist. There is increasing evidence that cytoplasmic control mechanisms are involved in the assembly of the globin chains and their release from the ribosomes. There is no definite evidence yet for control at the level of the association of the various hCmoglobin subunits although again such a mechanism seems likely. The findings in certain disease states such as -thalasso mia can be explained in terms of abnormal cytoplasmic control mechanismt, many secondary events resulting from a primary defect in globin chain production. The Control of DNA Synthesis and its relation to Erythropoiesis DNA synthesis and cell division in mammalian erythropoietic tissues has to be considered in relation to the processes of cell differentiation that lead to the formation of the anucleate erythrocyte (Cronkite 1964). It is convenient to divide the cells of the erythropoietic series into three groups:
(1) stem cells, (2) the identifiable dividing cells (pronormoblasts, basophilic normoblasts and early polychromatic normoblasts) and (3) the non-dividing cells (late polychromatic normoblasts and reticulocytes). The cells in the second group will be considered as they constitute the group of cells that can be investigated directly by cytochemical and cytokinetic techniques. There are several kinetic and cytochemical indications that it is reasonable to divide these cells into two functional groups, the basophilic cells usually capable of more than one division) and the polychromatic cells (usually in their final division cycle). The mean cell cycle time and the duration of the S phase (period of DNA replication) have been determined in several species, including man. This information has been derived mainly from the study of the percentage of mitotic figures that are labelled with 3H-thymidine (3H-TdR) at different times following a single flash label. In man the cycle is about twenty-four hours and S is twelve to fourteen hours (Strychmans et al. 1966 ); in dogs, Bond et al. (1962) reported the cycle to be nine to ten hours and the S period six to seven hours, though Alpen etal. (1962) from 59Fe studies suggested that the intermitotic time was fifteen hours. In the young rat (100 g) basophilic cells cycle every nine hours, the S period is four-and-a half hours, polychromatic cycle ten hours, and S period five hours (Roylance 1967).
In all these studies there was not a great deal of variation in the duration of the S period within a given species. In contrast to this uniformity of the average duration of S there is a considerable variation in the grain counts over the individual cells in a population following flash labelling with 3H-TdR. Hale etal. (1965) investigated therelation between the DNA content and the grain count in various cell types after a short period of labelling. It was hoped that this might give information about the changes in the rate of DNA synthesis as a cell proceeds through the S period. However, in many tissues it was observed that no consistent pattern for grain counts/DNA content could be resolved. There appeared to be a wide scatter of grain counts at all DNA values from the beginning
